Introduction
Basal cell carcinoma (BCC) is a slow growing, locally aggressive tumor that arises from the basal layer of the epidermis. It is the most common cancer in the fair-skinned population [1] . Lifetime risk of developing BCC is approximately 30% and the incidence is continuously increasing worldwide [2] .
According to data recorded by the Polish National Cancer Registry (Narodowy Rejestr Nowotworów) 10,000 new cases of non-melanoma skin cancers (NMSC) were registered in Poland in 2010 [3] . The incidence of NMSC in Poland has also been increasing for the last few years.
The most significant etiological factors are: genetic predisposition and a history of exposure to ultraviolet radiation [4] , especially in people with a tendency to sunburn [5] . Basal cell carcinoma lesions are usually localized on sunexposed areas of the body such as the face, ears, and neck [6] . Other important risk factors are age over 40, male sex, immunosuppression and arsenic exposure [7] . Basal cell carcinoma, like squamous cell carcinoma (SCC), can also arise in scars, ulcers, burn sites and lesions of chronic inflammation [8] .
Basal cell carcinoma rarely metastasizes but once the BCC is diagnosed, the risk of a new lesion increases by a factor of 10 [9] . The mortality associated with this tumor is low but spreading tumor can cause severe tissue damage and a poor functional and cosmetic outcome. Recurrences represent the main challenge in BCC treatment; therefore determination of the risk of recurrence is very important. The risk factors for BCC recurrence are: large size of a tumor (over 2 cm); particular localization -central facial site (periocular, perioral, nasal); perineural and perivascular invasion; aggressive histology (morphoeic, micronodular); and prior recurrence of BCC [9] . The type of applied treatment method depends on BCC recurrence risk identification. There are several diagnostic methods to make the diagnosis of BCC and to distinguish the aggressive variants of the tumor. Proper diagnosis is the key to selection of the most appropriate treatment.
Clinical diagnosis
Morphological classification of BCC includes: nodular (with micronodular), infiltrative (with morphoeic), superficial and mixed subtype [10] . The nodular subtype occurs most commonly on the head (mainly the nose and forehead), neck and upper back, while the micronodular subtype occurs most commonly around the eyes. The morpheaform localizes mainly on the nose, eye angles, forehead and cheeks. It is very rare on the trunk [11] . The lesions of superficial BCC, usually multifocal, are localized on the trunk. In some cases superficial BCC may appear on the head, within the parietal part of the scalp.
At early stages BCC manifests as a small plaque or a papule covered with telangiectasias. Sometimes there is some crust over a delicate wound that bleeds during shaving and does not heal.
The most common type of BCC is the nodular subtype (Figs. 1-3 ) and clinically it presents as a well-defined, pearly, translucent nodule. The border is rolled and mimics a chain of pearls. The central depression or ulceration of the lesion might be covered by a crust that causes bleeding when removed. Larger lesions show ulceration.
An aggressive subtype of nodular BCC is the micronodular BCC. It has a typical distribution, is firm to the touch and may have a well-defined border. Micronodular BCC is skin or grayish in color and may appear yellow-white when stretched. It is less prone to ulceration than nodular BCC.
The infiltrative BCCs also show ulceration. In aggressive growth variants such as infiltrative and morphoeic, neoplasms finally cause destruction of surrounding tissues. The border is usually not well defined and often extends beyond clinical margins. Extensively growing tumor used to be called ulcus rodens. This aggressive malignancy is usually localized in nasolabial folds, angle of an eye and around the ears. In the area of lower shank BCC lesions mimic post-injury or ischemic ulcers. The border of a carcinomatous ulcus partially shows a chain of pearls and the lesion is not painful. This kind of BCC ulcer used to be called ulcus terebrans. These lesions damage not only skin or fat tissue but may also infiltrate cartilage and bone tissue. Even though the destruction of surrounding tissue might be extensive, metastases are rare [12] .
Morpheaform subtype (Fig. 4) manifests as a depressed scariform skin-colored plaque. In this subtype, ulceration, bleeding and crusting are uncommon. It may be mistaken for scar tissue.
Pigmented BCC is a type of nodular BCC and it is common in dark skin complexion individuals. The color of this carcinoma ranges from brown to blue black and it may be mistaken for melanoma [13] . Phagocytosis of melanosomes by tumor cells and presence of melanophages in stroma and parenchyma of tumors is the cause of the pigmentation in BCCs [14] .
Superficial BCC is an erythematous, well-circumscribed macule with minimal scale. Often there is a central clearing and a threadlike border. Erosion is less common than in nodular type. Papules may mimic eczema or psoriasis but are slowly progressive. Patients usually have no complaints. Tenderness or pain might be present in BCCs localized perineurally or in infiltrating tumors, suggesting an aggressive growth variety of the carcinoma.
Mixed BCC is a subtype of BCC with a mixed histology. This mixed tumor is a carcinoma which is composed of two or more tumors within the same lesion, such as BCC and squamous cell carcinoma (SCC). An appropriate therapy for a nonaggressive tumor diagnosed from a superficial biopsy may not be adequate for the treatment of mixed BCC and the cancer may recur [15] .
Dermoscopy
Dermoscopy is a noninvasive diagnostic technique that enables visualization of structures of the epidermis and dermis. The lesion is magnified 10-20 fold in a dermoscope or even 70 fold in videodermoscopes [16] . Dermoscopy plays an important role in clinical differential diagnosis and is an adjunct to clinical examination improving the diagnosis of BCCs. The first step in dermoscopy is to differentiate non-melanocytic from melanocytic lesions. The next step in BCC diagnosis is to find at least one positive feature for BCC [17] ( Table 1) . The dermoscopic criteria for BCC include the lack of a pigment network and at least one positive feature including: ulceration, multiple blue-gray globules, leaf-like areas, large blue-grey ovoid nests, spoke-wheel areas and arborizing (treelike) telangiectasia [18] . Nodular pigmented BCCs may present as diffuse blue-white areas with ulceration [19] .
The dermoscopic model for the diagnosis of non-pigmented BCC (Fig. 5) is based on the absence of pigmentation and presence of such dermoscopic features such as arborizing telangiectasia, short fine superficial telangiectasia, nonarborizing vessels, ulceration and multiple small erosions [20] .
Dermoscopic features observed in superficial BCC present as: shiny white to red areas, short fine telangiectasia, arborizing telangiectasia, small surface erosions, blue-gray globules, leaf-like areas and large blue-gray ovoid nests [21] .
Ultrasonography
High frequency ultrasonography (HF-USG, ≥ 20 MHz) allows non-invasive three-dimensional assessment of skin tumors. Typically they present as spindle-shaped echo-poor or echo-lucent areas in the upper epidermis (Figs. 6-8 ). Def- initely distinguishing between different types or subtypes of tumors (BCC, SCC, melanoma, nevi) is not possible [22, 23] . However, in some BCC lesions, contrary to melanoma and SCC, scattered hypersonographic spots were observed [24] . Histological structures which could be responsible for hypersonographic spots on HF-USG include calcification, cornfield cysts, clusters of parakeratotic or apoptotic cells, and necrosis [24] . HF-USG seems to be helpful in planning the treatment. A number of studies have shown a high correlation between ultrasonic and histological measurements of tumor thickness. Most of them were focused on melanoma, but there were some regarding BCC [25, 26] . However, in some cases when the tumor extends beyond the dermis-subcutis border, demarcation of the tumor mass is impossible since fatty tissue is also hypoechoic [27] . Preoperative assessment of tumor size may have an impact on decreasing morbidity. Moreover, HF-USG as a non-invasive method represents a great opportunity to follow up patients treated with noninvasive treatment methods such as imiquimod, 5-fluorouracil or photodynamic therapy [28, 29] . HF-USG performed before photodynamic therapy was shown to predict the probability of local recurrence following treatment [28] .
Another tool which can be used for the estimation of tumor size is optical coherence tomography (OCT). It uses infrared light instead of ultrasound and is characterized by better resolution than HF-USG. The correlation between histological and OCT measurements was also proven [26, 30] .
Histopathology
The radical treatment of BCC is usually preceded by biopsy of a lesion. Basal cell carcinoma is derived from undifferentiated pluripotent epithelial germ cells that are present in the basal cell layer of the interfollicular epidermis and in the bulge region of a hair follicle [31] . The place of origin is sometimes visible in well-prepared histological specimens; the tumor mass grows from the basal layer of the epidermis or from the follicular outer root sheath into the skin where it is surrounded by fibromyxoid stroma. The relationship with germinal appendage cells and interaction with the stroma results in different histological types of BCC and determines their biological behavior.
Basal cell carcinoma is composed of uniform cells with round or oval basophilic nuclei, larger and darker than nuclei of epidermal basal keratinocytes, with minimal cytoplasm. Cellular atypia is infrequent in most cases of BCC, excluding the rare pleomorphic (giant cell) type of BCC, but mitoses and apoptotic cells are frequent [31] . Interestingly, nuclear atypia and multiple mitoses do not alter the clinical course of BCC [32] . The most common histological type is nodular BCC with solid, well-bordered, irregular, lobulated tumor nests of various sizes surrounded by dense stroma with numerous fibroblasts and mucinous material, mostly hyaluronic acid. Typical for this type is empty peritumoral cleft due to retraction of the stroma (Fig. 9) . The tumor nests extend to the papillary and reticular dermis. The basaloid cells form a regular palisade at the periphery while their distribution in the middle is chaotic. In the center of larger lobules areas of necrosis may develop leading to formation of cystic spaces containing mucinous material (nodulocystic BCC). In some places keratin cysts with parakeratotic debris can be seen as an example of hair follicle differentiation potential (keratotic BCC) (Fig. 10) . Rarely, small infundibular cysts (infundibulocystic BCC) or cells with differentiation towards matrical cells of the hair follicle (BCC with matrical differentiation) can be seen within tumor lobules. Other tumor islands are composed of thin lace-like strands resembling tubular, gland-like structures surrounded by mucoid stroma (adenoid BCC). Sometimes parts of the tumor present features of sebaceous, eccrine or apocrine differentiation. All these types belong to the nodular clinical type and are of little importance for the biological behavior of the tumor. The foci of various adnexal differentiation can be visible within one nodular tumor as well as a micronodular, superficial, infiltrative or morpheaform component (Figs. 10, 11 ). Micronodular BCC is composed of small tumor nests with less prominent palisading and without peritumoral clefts (Fig. 11) , which often infiltrates the dermis and subcutis. Clinical presentation differs from the nodular type and manifests as poorly demarcated indurated plaque and belongs to the high-risk BCCs. Superficial (multifocal) BCC represents horizontal spreading but can be aggressive. The histological presentation is characterized by numerous, small, basaloid nests attached to the lower part of the epidermis, separated by areas of normal epidermis (Fig. 12) . They are in fact interconnected. Retraction artefacts are frequent. The spaces between lobules are sometimes quite wide so it is difficult to estimate the lateral border of the lesion. Peripheral parts of the nodulo-ulcerative tumor nests sometimes present infiltrative growth (Fig. 13) . Small, narrow, sharp, irregular tumor strands invade fibrotic stroma. Palisading is usually absent. This BCC type is more aggressive and destructive due to extensive spread beyond the skin and higher mitotic activity. In morpheaform (sclerosing) type the dense fibrotic stroma dominates over small thin strands of the tumor cells. Peripheral palisading and retraction are usually absent. It is very difficult to estimate the border of the tumor both clinically and histologically. Keloidal BCC is a variant of morpheaform BCC. Infiltrative and morpheaform BCCs have high recurrence rates. They sometimes show perineural invasion, another poor prognostic feature. Pigmented BCC can represent all histological types, but mostly nodular and superficial type with melanin deposition within tumor lobules or in stromal macrophages (Fig. 14) . Other rare variants are clear cell BCC, signet ring BCC, and granular BCC. Sometimes beside typical BCC islands foci of neoplastic squamous differentiation are seen. This type is called metatypical (basosquamous) BCC and is associated with more aggressive growth and poorer prognosis [31] [32] [33] . The highest number, 26 histological BCC subtypes, was described by Wade et al. [34] .
In Gorlin-Goltz syndrome all histological types can be seen but nodular and superficial types are most frequent [30] .
Pathological reports of both biopsied and excised tumors can give the clinician valuable information that is important for the choice of treatment method and follow-up procedures. The potential for subclinical extension beyond a clinically defined border and high recurrence risk can be determined on the basis of histological subtype (morpheaform, micronodular, metatypical) or particular features such as infiltrative growth or neurotropism. These BCCs belong to the aggressive, "high risk" group and require wider excision or Mohs surgery. The list of histological BCC subtypes and their potential for aggression is presented in Table 2 [33, 35] . However, biopsy may not be representative for the whole lesion since only a part of the tumor demonstrates infiltrative growth and perineural invasion. The pathological report of excised tumors should include the type and subtype of the tumor, features of aggressiveness such as those mentioned above, and assessment of lateral and deep surgical margins. However, even detailed examination of bread-loafed sections every 2-3 mm can miss small foci of the tumor extending beyond the excision margin between the sections, particularly in the case of infiltrative or sclerosing BCC. Whether the pathological report should include clinical recommendations has still to be determined [35] .
In most cases BCC is easy to diagnose despite numerous variants and does not require confirmation by immunohistochemical staining. The immunohistochemical profile can be used to demonstrate the expression of cytokeratins that is typical for the bulge region of a hair follicle [31] . When compared with normal epidermis there is overexpression of desmoglein 2 and lower expression of desmoglein 3 in the BCC nests [36] . Tumors express BerEP4, bcl-2, CD10, SOX9, p53 and actin in more aggressive cases [31] (Table 2 ).
In conclusion diagnosis is usually clinical and clinical features are dependent on the subtype of BCC. Dermoscopy may be helpful. Skin biopsy is usually taken to identify a histological subtype of BCC for treatment planning. The key decision is to identify high versus low risk tumors. No matter B BC CC C --h hi is st to ol lo og gi ic ca al l t ty yp pe e R Re ec cu ur rr re en nc ce e r ri is sk k, , a ag gg gr re es ss si iv ve en ne es ss s 
